Enhancement of the catalytic activity of carbonic anhydrase III by phosphates.
Phosphate and phosphate-containing buffers of physiological interest such as ATP and 3-phosphoglycerate were found to enhance catalysis by human carbonic anhydrase III (HCA III). Addition of phosphate caused an increase in both the catalyzed rate of hydration of CO2 at steady state measured by stopped-flow spectrophotometry and the exchange of 18O between CO2 and water at chemical equilibrium measured by mass spectrometry. The results are consistent with a mechanism in which phosphate enhances the transfer of protons between zinc-bound water at the active site and solution. Site-directed mutations to replace lysine 64 and arginine 67 in the active-site cavity resulted in greater enhancement by phosphate when compared with wild-type HCA III and showed that these basic residues are not essential as a binding site for phosphate. Phosphate did not enhance catalysis by HCA II.